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This study was undertaken to determine the effect of prior sensitization on 
the removal of antigen and the development of allergic lesions in animals re- 
ceiving a single large intravenous injection of foreign protein. 
When a  purified protein  such  as  crystallized bovine  albumin is  injected 
intravenously into normal rabbits, it is cleared from the blood in a predictable 
fashion,  requiring approximately 2 weeks (1-3). Thereafter, for several days, 
free circulating antibody is demonstrable in increasing titer (3). 
The blood clearance of antigen occurs in three phases: an early phase of 
rapid  equilibration  of antigen between the  intravascular and extravascular 
compartments; a  second phase of slow catabolism of antigen; and a final or 
"immune" phase of rapid antigen elimination by antibody. Since during the 
"immune" phase of antigen clearance the newly formed antibody is present 
with excess antigen, free circulating antibody is not demonstrable during this 
phase. However, the effects of antibody production can be accurately  measured 
by the increased rate at which the antigen is eliminated (4). 
In a previous study (3), histologie and immunologic observations were made 
on a large group of normal rabbits injected intravenously with a single dose of 
crystallized  bovine  albumin.  Cardiovascular,  renal,  and  lymphoid  granu- 
lomatons lesions were encountered in high incidence.  The lesions developed 
during the "immune" phase of antigen elimination and regressed  after the 
* This study was supported by a grant from the Microbiological Institute of the National 
Institutes of Health, Public Health Service. 
:~ Present address: Department of Pathology, Johns Hopkins Medical School, Baltimore. 
§ Department of Pathology, Peter Bent Brigham Hospital, Boston. 
II Jewish Hospital, St. Louis. 
135 136  INDUCED  HYPERSENSITIVITY  OF  SERUM  SICKNESS  TYPE.  II 
antigen had been completely  eliminated and free antibody had  appeared  in 
the circulation. 
In the present study, the rate of elimination of bovine albumin was greatly 
accelerated  by prior sensitization  of the rabbits with small doses of this same 
antigen. Most of these sensitized animals showed detectable circulating  anti- 
body to bovine albumin at the time of the large intravenous injection of this 
antigen. Histologic observations and quantitative immunologic determinations 
were correlated  in the various phases of antigen elimiuation and antibody re- 
sponse. The data demonstrate that the lesions of serum sickness, like the im- 
mune  response,  appear  much  earlier  in  rabbits  previously exposed  to  the 
specific  antigen.  Further, certain  qualitative and  quantitative dfferences in 
the tissue lesions were noted between the normal and the previously sensitized 
rabbits. 
An unexpected  finding  was  an  accelerated  rate  of elimination  of  bovine 
albumin after previous  sensitization  with egg albumin.  Recently, Dixon and 
Maurer (5,  6)  have reported similar observations  with these  same  antigens. 
Further, they demonstrated that bovine  albumin cross-reacted  with  egg al- 
bumin in vitro  to the extent of 3 to 10 per cent. From the latter observation 
it was clear that the increased rate of bovine  albumin elimination  following 
previous  immunologic  experience  with  egg  albumin  was  due  to  a  specific 
anamnestic response. 
Materials and Methods 
Four solutions were used for intravenous injection: (a)  crystallized bovine plasma albu- 
min (Armour & Co.) dissolved in sterile saline to form a  10 per cent solution, with sufficient 
sodium  bicarbonate  added  to adjust  the pH  to  7.4;  (b)  alum-precipitated  bovine plasma 
albumin prepared  as described by Kabat  and Mayer (7);  (c)  alum-precipltated crystallized 
egg albumin (Armour & Co.)  similarly prepared; and  (d) isotonic saline.  To each of the last 
3 solutions enough dry merthiolate (Lilly) was added to produce a concentration of 1 i 10,000. 
Two  solutions  were  used  for  intradermal  testing;  one  containing  bovine albumin  and 
another containing egg albumin, dissolved in sterile isotonic saline so that 0.2 ml. contained 
1 mg. of the respective protein. 
Employed in this study were  130 male albino rabbits divided into 5 groups and  treated 
as follows:- 
Group I  consisted of 15 normal rabbits  bled and  maintained under the same conditions 
as the experimental animals and sacrificed  at the completion of the experiment. Their tissues 
were studied for lesions which might occur spontaneously. 
Group II consisted of 10 rabbits receiving 8 daily sensitizing intravenous injections of 1 
nag. of alum-precipitated bovine albumin in 4.2  ml. of saline. These animals were sacrificed 
on the 4th day after the last sensitizing injection. Two-ml. samples of blood were obtained 
on the 4 successive days after the last sensitizing injection to establish the presence of anti- 
body, and all the animals were skin-tested with  1 rag.  of  bovine albumin 24 hours before 
sacrifice.  Their tissues were studied  for lesions  which might occur from  the sensitizing in- 
jections. 
Group HI consisted of 75 rabbits, sensitized, bled, and skin-tested as group II and then 
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0.5 gin. of bovine albumin contained in 5 ml. of saline. Fifteen animals were sacrificed 2 days 
after the large injection of bovine albumin (group III a); 15 anlmah at 4 days (group III b); 
25 animals at 7 days (group IIIc); 10 animals at 10 days (group Hid); and 10 at 12 days 
(group III e). Seven mi. blood samples were removed from the marginal ear vein of all ani- 
mals surviving on days 1, 2, 4, 7, 10, and 12. Their tissues  were studied to determine the 
effect of prior specific sensitization on the time of appearance and the type of allergic lesions. 
Group IV consisted of 18 rabbits receiving 8 dally sensitizing injections of 1 mg. of alum- 
precipitated egg albumin instead  of bovine albumin but otherwise treated  as groups IH c 
and III d. Ten rabbits were killed on the 7th day after the large injection of bovine albumin 
and 8 were sacrificed on the 10th day. Their tissues were studied for the effect of prior sensi- 
tization to a seemingly unrelated antigen  1 on the appearance and type of allergic lesions, 
Group V consisted of 12 rabbits receiving 8 daily injections of 4.2 ml. of saline in place of 
alum-precipitated  antigen.  They were injected  with 0.5  gm.  of bovine albumin,  bled  at 
intervals as group III and sacrificed on the 7th day after the large dose of bovine  albumin. 
Their tissues were studied as controls for groups III and IV. 
On the day of sacrifice, the animals were weighed, killed by air embolism, and imme- 
diately  autopsied for histologic study.  The tissues regularly examined included the lungs, 
heart,  liver, spleen, pancreas, mesenteric lymph nodes, kidneys, small intestine, and psoas 
muscle. The kidneys and spleen were weighed. Tissues were fixed in Zenker's formol solution 
and stained  with hematoxylin-eosin stain.  Sections of kidneys  were also  stained  by the 
periodic acid-Schiff method. 
Quantitative immunochemical determinations  for serum  antigen  by the use  of a  cali- 
brated pooled antiserum and for serum antibody by the use of calibrated antigen solutions 
were performed as described in reference 3. These tests were made on all sara obtained after 
the large intravenous injection of bovine albumin. 
EXPZ~rrAL  ~eSULTS 
Pathologic  Findings 
A rleriti~ : 
The  slightest and  earfiest change  (referred  to  as  internal artefitis)  consisted of 
edema of the intima, proliferation of endothelial ceUs, and snbendothelia~ infiltration 
by monoundear and polymorphonudear leucocytes. This alteration was encountered 
in the larger segments of the pulmonary artery, the first portion of the ascending 
aorta, and occasionally in the coronary system. 
A more severe change most often present in the pulmonary arteries consisted of 
edema and necrosis of  the media in addition to  the intimal alteration. Rarely an 
entire wall of a small muscular artery was destroyed by fibrinoid necrosis so that it 
presented an appearance typical of the necrotizing arteritis observed in polyarteritis 
nodosa. 
In addition to these familiar forms of arteritis, the medium sized and small coro- 
nary arteries of some of  the animals previously sensitized to and challenged with 
bovine albumin showed a change rarely noted in normal animals treated with bovine 
albumin (Figs. 1 to 8). This lesion (referred to as adventitial arteritis in the tables) 
was  characterized  by focal swelling and fragmentation of  the connective tissue of 
1 The cross-reaction between bovine albumin and egg albumin was unknown at the time 
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the  adventitia,  nuclear  and  cytoplasmic  swelling and  dissolution  of  the smooth 
muscle ceils of the media, occasionally edema of the  intima,  and infiltration  of the 
media, adventitia,  and adjacent myocardial stroma by "Anitschkow myocytes" and 
mononuclear cells with abundant amphophylic cytoplasm and one or more prominent 
chromatin  dots.  In  the  tiniest  vessels,  the  inflammatory reaction  appeared  pre- 
dominantly outside  the  vascular  wall. However,  in  the  larger  vessels it was  clear 
that  the  inflammation  was  in  response to vascular  damage. Similar  inflammatory 
loci were not observed in the myocaxdium distant to muscular arteries. 
Alterations in the Pulmonary  Veins: 
In the  lungs  of many but not all  rabbits  numerous  lymphoid  follicles and  col- 
lections  of  lymphocytes  occur  adjacent  to  the  pulmonary veins  and  arteries  and 
bronchioles.  These  lymphoid  follicles were  hyperplastic  in  the  animals  receiving 
sensitizing  injections  of bovine  albumin  or  egg  albumin.  When  the  follicles were 
adjacent to a small vein, the segment of vein nearest  the follicle was infiltrated  by 
large  lymphoid  cells and  occasional  macrophages.  Sometimes  these  cells extended 
through the vessel wall and encroached upon the vessel lumen. 
A lesion of an  entirely  different  nature  was observed  in  several  of the  animals 
which were sensitized to bovine albumin and sacrificed 2 and 4 days after challenge 
with  bovine  albumin.  This  lesion consisted  of  necrotizing  inflammation  of  the 
medium  sized pulmonary veins  similar  in  all  respects  to  the  necrotizing  arteritis 
(Fig.  9).  Often  the  inflammatory  reaction  extended  from the  involved  vein  deep 
into the surrounding  lung parenchyma. 
Endocarditis: 
This lesion consisted of edema,  endothelial  proliferation,  and leucocytic infiltra- 
tion of the aortic valve and, less frequently,  the mitral valve. Large multinucleated 
cells and "Anitschkow myocytes" were present in the most florid lesions. This change 
has been described in detail elsewhere (3). 
Myocarditls: 
Two types of myocardial lesions were observed. Focal collections of lymphocytes 
and monocytes  between  muscle fibers were present  in approximately  one-fourth  of 
the animals in each experimental group; similar lesions were observed in 2 of the 15 
normal  rabbits.  These  inflammatory  foci  were indistinguishable  from  the  spon- 
taneous interstitial  myocarditis of rabbits  described by Miller (8). 
A second type of myocardial alteration,  found exclusively in the wall of the right 
ventricle  and  the  right part  of  the  interventricular  septum,  consisted  of necrosis 
and loss of small groups  of muscle  fibers with varying degrees of condensation  of 
stroma, stromal proliferation, and, mononuclear  leucocytic infiltration  (Fig. 10). This 
was not seen in any of the normal  rabbits and occurred only in those animals sensi- 
tized to bovine albumin and killed after challenge with a large intravenous  injection 
of bovine albumin.  All these sensitized animals had exhibited  symptoms of mild  to 
moderate  anaphylactic  shock at the time of challenge with antigen. F.  G.  GERMUTH, JR.,  M.  G.  PACE, AND J.  c.  TIPPETT  139 
Glomerulonephritis: 
All the glomerular lesions  were acute  in nature  and  showed varying degrees of 
leucocytic infiltration and proliferation of endothelial and epithelial cells. The most 
severe change, graded  + ++,  consisted of uniform enlargement of the glomemli by 
numerous swollen epithelial and endothelial cells which often occluded the glomerular 
capillaries so that the glomemli appeared bloodless.  (Photograph in reference 3). 
Alterations of the Spleen and Lymph Nodes: 
Granulomatous lesions  of the Malpighian bodies of the spleen and of the lymph 
nodes were observed frequently. They consisted of partial  to complete replacement 
of the  lymphoid tissue  by reticulum  cells,  and  less  often,  epithelioid  cells.  These 
changes have been described in detail in the preceding study (3). 
IMMUNOLOGIC RESULTS 
The  immunological  findings  are presented  with  the histological  results in 
Tables I  to VI. In Text-fig.  1, the median blood clearance of bovine albumin 
is plotted for animals previously sensitized  to bovine albumin (group Ill), for 
animals previously sensitized  to egg albumin (group IV), and for unsensitized 
normal animals.  The data for the normal group is taken from the preceding 
study. (3). ~ 
From the figure it is clear that the elimination  of bovine albumin in animals 
previously sensitized to this same antigen was greatly accelerated. The elimina- 
tion curve appears as a condensed form of the normal clearance. The immediate 
slight increase in antigen clearance over  that in normal animals presumably re- 
suited from the activity of free antibody present in the circulation at the time 
of injection. Beginning on the 4th day, the antigen elimination became markedly 
accelerated in keeping with an accelerated anamnestic  response.  By the 7th 
day, 78 per cent of these animals had completely eliminated the antigen and 
showed circulating antibody. 
The elimination of bovine albumifi after sensitization with egg albumin was 
considerably faster than normal but slower than in the animals sensitized  with 
the homologous antigen. The accelerated clearance began on the 2ndday and 
became marked after the 7th day. By the 10th day, 5 of 8 rabbits had cleared 
the antigen  and produced antibody. This accelerated rate  of clearance is in 
keeping with a secondary anamnestic response due to the antigenic similarity 
between these two antigens (5). 
2 Because of the additional  large numbers of animals required for reappraisal  of the se- 
quential immunologic and histologie responses in normal animals, this work was not repeated 
i~ the present  experiment.  However, antigen  elimination curves for normal  animals prae- 
ticaUy identical with those reported  previously have been observed in 3 subsequent  experi- 
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CORRELATION OF  mSTOLOGIC AND TMM'UNOLOGIC  RESULTS 
Neither the myocardial lesions  nor the lymphoid infiltration  of pulmonary 
veins appeared to be directly related to the large intravenous  injection of 
bovine albumin. Focal interstitial  myocarditis was found in both the normal 
TABLE I 
Summary of Group I[I a: Animals sensigzed with BSA; Challenged witk 0.5 Gin. BSA; 
Sacrific~ 2 Days Leter 
Rabbit  Antigen nitrogen* 
No.  per ml. of serum 
~g. 
78  385 
52  300 
18  285 
35  265 
90  245 
85  240 
57  240 
19  240 
15  215 
92  210 
12  205 
51  205 
72  190 
82  190 
2311  165 
Total...15  (Median:  24oAt) 
Arteritis~ 
Intimal 
0 
+  aorta 
0 
+  lung 
0 
+aorta 
+aorta 
0 
0 
0 
0 
+aorta 
0 
0 
0 
5(33%) 
Adventi- 
tial 
0 
0 
+heart 
0 
0 
0 
0 
0 
0 
0 
0 
+heart 
0 
0 
0 
2(13O"/o) 
Necro- 
tizing  Total 
0  0 
o  + 
o  + 
+  lung  + 
0  0 
o  + 
o  + 
0  0 
0  0 
0  0 
0  0 
o  + 
0  0 
0  0 
0  0 
1(7%)  6(0%) 
Endo- 
cardiff., 
+ 
+ 
0 
0 
0 
+ 
0 
0 
0 
+ 
0 
0 
0 
0 
0 
4(2?%) 
Glomer~ 
ulone- 
phritis§ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Granu]omatous 
lesions 
Spleen§  %Y~odPe  h 
+++  + 
+++  o 
++  o 
+++  + 
+++  + 
+++  + 
+++  + 
+  o 
+++  + 
+++  + 
+++  + 
+++  o 
+++  + 
+++  o 
++  + 
ls(loo%)  Io(67%) 
* The rabbit Nos. in this and succeeding  tables are arranged in order of decreasing magnitude of serum 
antigen concentrations and when present, increasing levels  of serum antibody found at the time Of sacrifice. 
It is apparent that the smaller the amount of antigen, or, in its absence,  the greater the amount of circulating 
antibody, the greater has been the immune response. 
Intimal arteritis refers to subendothelial cellular infiltration alone, without any alteration of the media or 
adventitia. Adventitial arteritis is applied to the modified form of arteritis observed in previously sensitized 
animals. It is characterized by a predominantly adventitial and perivascular infiltration  of mononuclear cells 
and "Anitschkow myocytes." As pointed out in the text, the media and intima are also altered in the form of 
arteritis, although less spectacularly. Neerotizing arteritls refers to fibrinoid  alteration and/or acute inflam- 
matory reaction as seen in the usual case of polyarteritis nodoss. 
§ Lesions in the spleen and kidneys are graded 1+ to 3+. In the case of the spleen,  1+ denotes that 0 to 29 
per cent of the follicles show alterations; 2+, 29 to 50 per cent; and 3+, over 50 per cent of the follicles show 
alterations. The grading represents the frequency of the lesion in s  spleen rather than the severity of a single 
follicular  lesion. In the case of the kidney, the grading represents the severity of the glomerular change. Else- 
where, 0 ffi absence of lesion; +  ffi lesion present; -- ffi no observation made. 
n Showed necrotizing pulmonary phlebitis. 
and antigen-treated animals.  Focal necrosis of the right ventricle was observed 
only in animals receiving both the sensitizing  and challenging  doses of bovine 
albumin.  These sensitized  animals  had  exhibited symptoms of anaphylactic 
shock when receiving  the large dose of antigen.  Similar  lesions have been de- 
scribed by Apitz (9), Ehrich,  Seifter,  and Forman (10), and More and Kober- 
nick (ll) in animals receiving  foreign protein. It has been suggested that this TABLE  II 
Summary of Group III b: Animals Sensitized with BSA; Ctmtlenged with 0.5 Gm. BSA; 
Sacrificed 4 Days Later 
Rabbit No. 
Antigen or antibody 
nitrogen per ml. 
of serum* 
uf. 
34  215 At 
60  175 At 
73  170 At 
56  160 At 
13  140 At 
61  140 At 
77~  140 At 
130 At 
110 At 
10S At 
100 At 
80 At 
65 At 
$o At 
17 Ab 
(Median:  130 At) 
641 
87 
76 
75 
6St 
28 
861 
461 
total.... 15 
Arteritis 
Ad-  : Necro- 
Intimal  vemtitial  tizing 
0  0  0 
0  0  0 
0  +  heart  0 
0  0  0 
+  aorta  0  0 
+  lung  o  o 
+  aorta,  0  +  lun! 
lung 
+  lung  +  heart  0 
0  0  0 
0  0  0 
0  0  0 
+  lung  +  heart  +  lung 
+  lung  0  0 
+  lung  0  +  lung 
+  lung  0  +  lung 
8(53%)  3(20%)  4(27%) 
Total 
0 
0 
+ 
0 
+ 
+ 
+ 
+ 
o 
o 
o 
+ 
+ 
+ 
+ 
9(6o%) 
Endo-  Glomer- 
I carditis  phritis 
o  o 
o  o 
o  o 
o  o 
+  o 
o  o 
+  + 
o  o 
o  o 
o  + 
o  o 
+  + 
o  o 
o  ++ 
o  + 
3(20%)  s03%) 
Granulomatous 
lesions 
Spleen  Lymph 
node 
+++  o 
+++  o 
+  o 
++  o 
++  o 
++  + 
+++  + 
++  + 
++  + 
+++  + 
++  o 
+++  + 
+++  + 
+  + 
+++  + 
15(100%)  9 (60%~ 
* At .= antigen; Ab =  antibody. 
Showed necrotlzing pulmonary phlebitis. 
TABLE III 
Summary of Group III c: Animals Sensitized with BSA; Challenged with 0.5 Con. BSA; 
Sacrificed 7 Days Later 
Rabbit  Antigen or anti. 
body nitrogen 
No.  per nil. of  serum 
a&. 
83  105 At 
91  4O At 
69  30 At 
70  30 At 
26  20 At 
81  Tmee Ab 
11  Trace Ab 
62  20 Ab 
63  37 Ab 
14  38 Ab 
80  43 Ab 
48  59 Ab 
66  67 Ab 
74  78 Ab 
95  88 Ab 
24  109 Ab 
16  127 Ab 
49  159 Ab 
31  305 Ab 
88  314 Ab 
84  414 Ab 
67  487 Ab 
Fotal...22  (Median:  51 Ab) 
Arteritis  Granulomatons 
Endo-  Glomer-  lesions 
l|lnn~ 
carditis  phritis  Lymph 
Ad-  Necrotizing  Total  Spleen  node  Intimal  ventitial 
o  o  o  o  o  +  -  o 
o  o  o  o  o  o  o  o 
+  lung  o  o  +  +  +++  ++  + 
+  lung  0  +  heart  +  +  +++  +  + 
+lung,  +  heart  +pancreas  +  +  +++  +++  + 
aorta 
+  lung  0  0  +  +  +++  0  0 
0  0  0  0  +  0  0  0 
0  0  0  0  --  ++  0  0 
+  lung  +  heart  +  heart  +  0  +++  +  + 
0  0  0  0  0  +++  0  0 
+  lung  0  0  +  +  +  0  0 
+  lung  0  0  +  +  ++  0  +' 
0  0  0  0  --  +++  0  0 
+  lung  0  0  +  +  ++  0  0 
0  0  0  0  0  ++  ++  + 
0  0  0  0  +  +  +  0 
0  0  0  0  0  +  0  + 
o  o  o  o  o  ++  o  i  o 
o  o  o  o  +  o  Ol  + 
o  o  o  o  o  o  o  o 
o  o  o  o  o  +  o!  o 
+  aorta  +  heart  +  heart  +  0  0  +  + 
9(41%)  3(14%)  4(18%)  9(41%) 10(50%) 17(77%)  703%~  9(41%) 
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lesion was one of the allergic alterations of the normal rabbit to an intravenous 
injection of foreign protein (10). The present observations do not support this 
interpretation for this lesion has never been encountered in normal animals 
receiving  only a  single  intravenous  injection of bovine  albumin.  Recently, 
Herbertson  (12)  has made a  detailed study of this myocardial abnormality 
TABLE IV 
Summary  of Groups III d and Ille: Animals Sensitized with BSA; Challenged witk 0.5 Gin. 
BSA; Sacrificed 10 and 12 Days Respectively 
Rabbit No. 
(10  days) 
5,5 
50 
32 
21 
29 
68 
79 
33 
20 
59 
Arteritis  G~nulomatous 
Antigen or antibody  ulone-  nitro!gen per ml.  Endo-  Glomer-  lesions 
carditis  phritis  OI  serMin 
Intimal  Adven-  Necro-  Total  Spleen  Ln~eh 
titial  tizing 
/Ag. 
rotal  ......  I0  (Median: 157 Ab) 
(12  days) 
96 
93 
22 
25 
30 
89 
58 
27 
54 
71 
rotal  ...... 10 
45 At  0  0  0  0  0  0  0  0 
59 Ab  +  hmg  0  0  +  0  +  0  + 
114 Ab  +  aorta  +  0  +  +  +  0  0 
122 Ab  0  +  0  +  0  0  0  -- 
123 Ab  0  0  0  0  +  +  0  + 
19t Ab  0  0  0  0  0  0  +  + 
205 Ab  0  0  0  0  0  0  0  0 
210 Ab  0  0  0  0  0  0  0  0 
293 Ab  +  aorta  0  0  +  0  0  0  0 
504 Ab  0  0  0  0  0  0  0  0 
3(30%)  2(20%)  0  4(40%)  2(20%)  3(30%)  1(10%)  3(33%) 
Trace Ab 
Trace Ab 
Trace Ab 
34 Ab 
60 Ab 
82 Ab 
109 Ab 
149 Ab 
185 Ab 
381 Ab 
(Median: 71 Ab) 
+  aorta  0 
+  aorta  0 
0  0 
0  0 
0  0 
+  aorta,  0 
lung 
0  0 
0  0 
0  0 
0  0 
3(30%)  0 
o  +  o  +  +  o 
o  +  o  o  +  o 
o  o  o  o  o  + 
o  o  o  o  o  o 
o  o  o  o  o  o 
o  +  0  0  0  ]  0 
I 
0  0  +.  0  0  0 
0  0  0  0  0  0 
0  0  0  0  0  0 
+  +  +  0  0  0 
"'1(10%) 4(40% 2(20°'/0) 1(10%)  2(20%)  1(10%) 
which follows anaphylactic shock. An identical abnormality was found in the 
hearts  of  rabbits  surviving  after  severe  pulmonary embolism produced  by 
intravenous injections of lycopodinm spores or air. Herbertson has suggested 
that myocardial ischemia accompanying acute cor pulmonale was the basis 
for the myocardial injury in each instance. 
The incidence of lymphoid infiltration of the pulmonary veins is presented 
in Table  VII.  This  alteration was  occasionally found in  normal  untreated 
animals. However, it was observed in higher incidence and in a  more severe 
form in animals receiving sensitizing injections of antigen. Similar lesions have TABLE  V 
Summary of Group IV: Animals Sensitized with Ea; Challenged with BSA; Sacrificed 7 and 
I0 Days Later 
(7 days) 
115 
117 
116 
112 
119 
120 
118 
114 
121 
111 
(10 days) 
122 
126 
125 
123 
I 
i Antigen or antibod 
nltrolgen  per ml. 
or serum  Intinml 
Rabbit No. 
m 
120 At 
105 At 
96 At 
87 At 
81 At 
81 At 
78 At 
63 At 
36 At 
Total ......  10  (Median: 81 At) 
130 
127 
128 
129 
Rabbit No. 
Total ....... 8 
56 At 
32 At 
I0 At 
60 Ab 
S0 Ab 
147 Ab 
181 Ab 
211 Ab 
(Median: 70 Ab) 
Arteritis  I 
Endo.  Glomer- 
ulone- 
carditi  phritis 
kdven-  Necro- 
titial  tizing  Total 
0  0  0 
0  0 
0 
0 
0  0 
0  0 
+  lung  o 
0  0 
0  0 
+  aorta  0 
0  0 
0  0 
2(20%)  0 
0  0 
0  0 
+  aorta  0 
+  aorta,  0 
lung 
0  0 
0  0 
0  0 
0  0 
2(28%)  0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0  0 
0  0  0 
0  0  0 
+  0  ++ 
0  0  0 
0  0  + 
+  +  0 
0  0  0 
0  0  0 
2(20%)]  l(tO~  2(20%)] 
o  o  Ol 
0  0  OI 
+  +  ++ 
+  o  +++ 
o  ]  o  ++ 
[ 
0  0  + 
0  0  ++ 
o  +  +++ 
2(25%)  2(25%)  6(75%) 
Granulomatous 
lesions 
Spleen  Lymph 
node 
0  0 
0  0 
0  0 
++  + 
+++  - 
+  o 
+++  + 
+++  + 
o  + 
+  + 
7(70%1  5(56%) 
+  0 
0  0 
+  0 
+++  + 
o  + 
++  + 
++  o 
+  + 
6(eo%)  4(4o%) 
TABLE  VI 
Summary of Group V: Animals  Treated ~d~h Saline; Challenged with BSA; Sacrificed 7 Days 
Lat~ 
Arteritis 
141 
143 
150 
142 
139 
138 
144 
136 
147 
140 
149 
148 
Total ...... 12 
Antigen nitrogen 
per ml. of serum 
#g. 
129 
126 
114 
108 
105 
93 
90 
87 
78 
75 
66 
42 
(Median: 91 At) 
Inthnal  ~dven- 
titial 
0 
0 
+  aorta 
0 
0 
0 
0 
0 
0 
0 
+aorta,  i 
lung  j 
0 
2(17%) 
Necro- 
tizing 
0 
0 
+ 
0 
0 
0 
0 
0 
0 
Total 
0 
0 
+ 
0 
0 
0 
0 
0 
0 
0 
Endo- 
carditis 
o 
o 
o 
1  (8%) 
0 
0 
0 
1(8%) 
;lomer- 
ulone- 
~hritis 
0  0 
0  +  0 
+  0  0 
0  0  0 
0  0  0 
0  0  0 
0  0  0 
0  0  0 
0  0  0 
o  I  o 
o  ++ 
o  +++ 
I 
2(17%)'; I(8%)  2(17%) 
Grsnulomatous 
lesions 
Spleen  Lymph 
node 
0  0 
+++  o 
+++  + 
+++  + 
+++  + 
++  + 
++  o 
+++  + 
+++  + 
++  o 
+++  + 
+++  + 
11(92%)  8(67%) 
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been described in animals receiving intravenous injections of staphylococci and, 
in milder form, in animals receiving India ink intravenously (13).  Whether, in 
the present instance, this alteration resulted from the physical properties,  the 
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TzxT-Fio. 1.  Rdation of time of occurrence of glomernionephritis  to the blood clearance 
of bovine albumin in animals sensitized to bovine albumin (group HI), in animals sensitized 
to egg albumin (group  IV), and in normal unsensitized  animals (group  A). &fret data of 
Tables IV. The curves for the median blood clearance of bovine albumin in bovine albumin- 
sensitized animals (heavy solid line), in egg albumin-sensitized animals (heavy broken line), 
and in normal animah (heavy dotted line) begin in the upper left corner and end in arrows. 
Each of these curves shows three phases: an early phase of equilibration of antigen; and a 
second phase of antigen catabolism, and a  final phase of rapid elimination of antigen by 
newly formed antibody. The incidence of glomerular lesions in each of the three groups of 
animals is represented by a corresponding thin line. 
s 
o 
o 
antigenicity, or both,  of the alum-precipitated antigen used  for  sensitization, 
is not clear. 
The  cardiovascular, renal,  and  granulomatous  lymphoid tissue  lesions ap- F.  G.  GERMUTH,  ~R.,  M.  G.  PACE,  AND  J.  C.  TIPPETT  145 
peared to be directly related to the intravenous injection of the 0.5 gm. dose 
of bovine albumin. None of these lesions was seen in the normal untreated 
animals or in the animals receiving  only the small  sensitizing  injections  of 
antigen. The incidence of these lesions in the various groups of animals is given 
in Tables I  to VI. Cardiovascular  and renal lesions were found as early as the 
2nd and 4th days respectively in animals previously sensitized  to bovine  al- 
bumin. Thereafter as the antigen levels decreased, the incidence of the lesions 
rose, reached a peak on the 7th day when the antigen had been  completely 
eliminated, and regressed  when antibody appeared in high titer in the cir- 
culation. 
The lymphoid tissue alterations occurred  in highest incidence earlier  than 
the cardiovascular  and renal lesions (Text-fig. 2). On the 2nd day after chal- 
TABLE  VII 
The lnciden.e of Subendothdial Lymphoid  Infiltration  o.1: Pulmonary  Veins 
Group 
NO. rabbits... 
No, rabbits 
with lesion.. 
Normal 
15 
1(7%) 
Sensitized 
controls 
10 
s(so%) 
III 
a  b  c  d  e 
Sensitized and challenged with BSA; 
sacrificed day 
2  4  7  10  12 
15  15  22  10  10 
6(40%)  7(47%)  5(23%)  1(10%)  1(10%) 
J  iv 
Saline and 
challenged 
with BSA; 
sacrificed 
day 
12 
1 (8%) 
V 
Sensitized with 
Ea; challenged 
with BSA; 
sacrificed day 
7  10 
10  8 
5(s0%) 5(~% 
lenge with antigen, all the spleens and 67 per cent of the lymph nodes examined 
in  the  animals previously sensitized  to bovine albumin showed  distinctive 
alterations. Numerous large  lymphoblasts, immature and mature reticulum 
cells, occasional epithelioid cells, plasma cells, and cells in mitosis were present 
in the lymphoid follicles of the spleen and in the lymph nodes  (Figs.  11 and 
12).  Two  days later  epithelioid  cells  were  more  numerous and  were  most 
prominent about the central arterioles of the splenic follicles and in the cortex 
of the lymph nodes. After the 4th day the lesions resolved except in the few 
rabbits which showed a slower immune response. Here, the lesions were present 
in an acute form at a later time. It is interesting that the changes in the spleen 
and lymph nodes in these sensitized animals were not as severe as those usually 
encountered in normal animals receiving  bovine  albumin.  Rarely  were  the 
lymph nodes and the Malpighian bodies of the spleen completely replaced  by 
epithelioid cells, and giant cells were not encountered. 
The peak incidence of cardiovascular  and renal lesions occurred  as late as 
the 10th day in the animals previously sensitized  to  egg albumin. However, 
like  the immune response,  the time of occurrence  of  these lesions was  dis- 
tinctly earlier than in normal animals. As with the bovine albumin-sensitized 146  II~UCED  HYPERSENSITIVITY  OF  SERUM  SICKNESS  TYPE.  I[ 
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rabbits,  the  splenic  and  lymph  node  lesions  occurred  in  highest  incidence 
earlier  than the cardiovascular and renal lesions;  that is, on the 7th day. The 
relationship  between the  incidence  of one of the allergic  lesions,  glomerulo- 
nephritis,  and the antigen clearance curve in animals previously sensitized  to 
bovine albumin, in animals previously sensitized  to egg albumin, and in normal 
unsensitized animals  (data taken from a preceding study) is shown in Text- 
fig. 1. For these 3 groups, complete antigen elimination occurred on the 4th to 
the 7th days, 8 to 10 days, and 12 to 14th days respectively. The peak inci- 
dence of glomerulonephritis  for each of these groups was found on the  7th, 
10th, and 15th days respectively. It is clear that in each of these three instances 
of different antigen responses,  the peak incidence of allergic lesions occurred at 
the end of the immune phase of antigen elimination. 
DISCUSSION 
The present study is an extension of previous work (3)  in which a  single 
intravenous injection of 0.5 gin.  of bovine albumin was followed  in approxi- 
mately 2 weeks by a  high  incidence  of cardiovascular,  renal,  and  lymphoid 
lesions.  All  the  lesions  developed  during  the  "immune"  phase  of  antigen 
elimination.  The temporal relationship between the histologic and immunologic 
response indicated that the tissue lesions were the result of hypersensitivity; 
i.e.,  antigen-antibody combination. 
In the present experiment, sensitization with the homologous antigen, bovine 
albumin, and with a  cross-reactive antigen,  egg  albumin, resulted  in  a  more 
rapid and earlier elimination of bovine albumin in keeping with an accelerated 
anamnestic response.  Similar  findings  have been reported by Dixon and  his 
colleagues  (4,  5).  After egg albumin sensitization,  bovine albumin was elim- 
inated by the 10th day, approximately 3 days earlier  than in normal animals, 
while,  following  homologous sensitization,  bovine albumin was eliminated on 
the average by the 7th day, that is, 6 days earlier than normal. 
The time of occurrence of the tissue lesions was proportionately accelerated. 
In each of the two groups of animals,  the tissue lesions appeared during  the 
"immune" phase of antigen elimination and regressed with the development of 
high levels of circulating antibody. The finding of a consistent relationship be- 
tween the "immune" phase of antigen elimination and the occurrence  of tissue 
lesions  in  groups  of animals  with  different  antigen  clearances  supports  the 
interpretation that the tissue lesions result from antigen-antibody interaction. 
Aside from producing an earlier onset of lesions, previous homologous sensi- 
tization  tended  to  reduce the severity of the vascular and  lymphoid  tissue 
alterations.  Necrotizing  lesions  of the polyarteritis nodosa type were not as 
abundant  or as extensive as in  unsensitized  normal  animals.  Moreover,  the 
coronary arteries of some of the sensitized  animals showed a peculiar form of 
arteritis  rarely noted in normal animals  receiving  a  single  intravenous injec- 148  INDUCED  HYPERSENSITIVITY  OF  SERUM  SICKNESS  TYPE.  II 
tion of bovine albumin. This  change  involved most strikingly the adventitia, 
but the media and  intima  were also altered although  to a  lesser  degree.  It 
consisted of focal edema, swelling, and fragmentation of the connective tissue 
of the adventitia and smooth muscle of the media with an infiltration of large 
mononuclear  cells  and  "Anitschkow  myocytes."  Occasionally  the  cellular 
infiltrate  in  the  adventitia  extended  deep  into  the  surrounding  connective 
tissue and adjacent myocardium. Other investigators (14--16), who have pre- 
viously noted similar  lesions following treatment of rabbits  with horse serum, 
have remarked on the basic similarity  of the perivascular inflammatory reac- 
tion of this experimental lesion to the perivascular Aschoff body of rheumatic 
fever. Whether this similarity is significant  with regard to the pathogenesis of 
rheumatic fever or merely fortuitous is a consideration which requires further 
investigation. In rheumatic fever, Aschoff bodies are by no means confined to 
the pefivascular connective tissue,  and when they are present  perivascularly 
the adjacent artery is often entirely normal. In the present experimental study, 
the "Aschoff body type" alteration in the myocardium was always related to 
obvious injury to an adjacent artery and the whole lesion appeared to represent 
a  modified  form of necrotizing  arteritis.  Similar  lesions  are familiar in poly- 
arteritis nodosa in human beings. 
Like the arterial lesions, the granulomatous lesions of the spleen and lymph 
nodes in the bovine-sensitized animals were distinctly less severe than  those 
ordinarily  encountered  in  normal  unsensitized  animals  receiving  bovine al- 
bumin.  However, the  valvular  and  renal  lesions  did  not  differ  from  those 
observed previously in unsensitized animals treated with this antigen. It is of 
interest  that  the granulomatons  lesions  of the  spleen and  lymph nodes ap- 
peared earlier than the cardiovascular and renal lesions and regressed before 
the latter lesions reached their peak incidence.  The earlier appearance of the 
splenic and lymph node lesions again suggests the possibility presented previ- 
ously (3), namely, that the splenic and lymph node lesions result from the re- 
action of circulating antigen with antibody formed at these sites. 
The question naturally arises as to the mechanism by which previous sensi- 
tization tended to modify the arterial and lymphoid tissue lesions. Possibly the 
development of full blown necrotizing  arteritis and advanced lymphoid tissue 
lesions requires a more sustained antigen-antibody interaction than was present 
in  the sensitized  animals  in which because of sensitization  the antigen  was 
promptly eliminated by antibody. If the length of time of antigen-antibody 
interaction  as well as the magnitude  of the interaction  is  important  in  the 
development of lesions, one might anticipate a decreased severity or paucity of 
lesions even in the absence of sensitization if the antigen employed is one which 
is normally eliminated promptly. Such a situation is found with bovine gamma 
globulin which is ordinarily eliminated within 1 week after injection instead of F. G. GEEMETH,  ~R.,  M. G. PACE~ AND J. C. TIPPETT  149 
2 weeks as is the case with bovine albumin (2, 17). Arteritis and granulomatous 
splenic lesions are rarely observed in animals receiving this antigen (2, 17). 
In some of the sensitized animals,  necrotizing  inflammation of the pulmonary 
veins was the most extensive alteration encountered. This lesion was absent in 
normal animals receiving bovine albumin. Involvement of the veins is not un- 
common in polyarteritis nodosa. Extensive pulmonary phlebitis has been re- 
ported in asthmatics succumbing to necrotizing arteritis (18). An appreciation 
that allergic reactions may injure any part of the vascular system has led some 
investigators  to  employ  the  term  allergic  angiitis  in  place  of polyarteritis 
nodosa (19). 
Sensitization of rabbits with bovine albumin and the cross-reactive antigen, 
egg albumin,  increased the rate  of bovine albumin elimination  following  its 
intravenous administration. Elimination of this antigen was complete in 7 and 
10  days  respectively  instead  of approximately  2  weeks as  in  unsensitized 
normal  animals.  The peak incidence  of allergic  tissue alteration was propor- 
tionately accelerated. Certain qualitative and quantitative differences between 
the histologic  responses of the sensitized  and unsensitized rabbits were noted. 
These differences were probably due to the shorter period of antigen-antibody 
interaction in the sensitized  animals  in which the antigen  was quickly elim- 
inated.  The  temporal  relationship  between the  histologic  and  immunologic 
responses in sensitized  animals adds further support to the hypothesis that the 
lesions  which  occur after  the  injection  of foreign  protein  are  the  result  of 
antigen-antibody combination. 
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EXPLANATION  OF  PLATES 
Photographs by Mrs.  Joan Bailey, All photographs are of lesions encountered in 
animals previously sensitized and challenged with bovine albumin. 
PLATE 7 
FIG.  1.  Rabbit 51 H, sacrificed at 2 days. Section of small  coronary artery show- 
ing early lesion consisting of swelling and dissolution of the smooth muscle cells of 
the media and fragmentation of adventitia with slight  perivascular infiltration of 
mononuclear cells and "Anitschkow myocytes," Hematoxylin and eosin.  X270. 
Fzo.  2. Rabbit  73 H,  sacrificed  at  4  days.  Nodule  of  mononuclear cells  and 
"Anitschkow myocytes" in wall of medium-sized coronary artery. H. and E. X 130. 
FIO. 3. Higher power of Fig. 2. Focal fragmentation of the media and connective 
tissue  of adventitia with  infiltration by mononuclear cells and  "Antischkow myo- 
cytes." Note that the inflammatory reaction involves the media. The internal elastic 
membrane adjacent to the inflammatory area has been destroyed. H. and E. X260. 
FIo. 4.  Rabbit 13 H, sacrificed at 4 days. Predominantly perivascular ~nfiltration 
of mononuclear and  occasional  multinucleated cells extending into adjacent myo- 
cardium.  In  the  left lower  segment  of  the  coronary artery the media  has  been 
destroyed and  there  are  inflammatory cells  lying  between  the  endothelium  and 
internal elastic membrane.  H. and E.  ×220. THE  ~'OURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  101  PLATE  7 
(Germuth et al.: Induced hypersensitivity of serum sickness type. II) PLATE 8 
FIG. 5. Rabbit 32 H, sacrificed at I0 days. Coronary artery showing moderate 
degenerative changes in all three  layers  of its wall.  The intima is thick  and edema- 
tous; there is focal dissolution  and fragmentation of media and adventitia, and 
infiltration  by mononuclear cells  and "Anitschkow myocytes." Except for the absence 
of fibrinoid  alteration  and polymorphonuclear  leucocytes,  this  arterial  change closely 
resembles that ordinarily observed in the acute necrotizing form of polyarteritis 
nodosa. H. and E. X220. 
FIG. 6. Rabbit 51 H, sacrificed  at 2 days. Coronary artery  showing dissolution  of 
media and extensive intravascular and perivascular infiltration by mononuclear cells 
and "Anitschkow myocytes." H. and E.  X300. 
FIG.  7.  Rabbit  32 H,  sacrificed  at  10  days.  Section  of  small  coronary  artery 
showing edema of the  intima, dissolution and  fragmentation of the  media and ad- 
ventitia, and  marked  infiltration of  the adventitia and  a  portion of  the  media by 
mononuclear cells. H. and E.  X270. 
FIG.  8.  Rabbit  26 H,  sacrificed  at  7  days.  Nodule  of  mononuclear  cells  with 
center of degenerated collagen. Although not obvious at first glance, this structure 
represents a  severely altered small artery.  A  portion of its lumen  is visible at  the 
right of center. This artery was further identified by serial section. H. and E.  X300. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  101  PLATE 8 
(Germuth eta/. : Induced hypersensitivity of serum sickness type. II) PLATE  9 
FIG.  9.  Rabbit 65 H, sacrificed at 4  days. Necrosis and  acute inflammation of a 
pulmonary vein. H. and E.  X 150. 
FIC.  10.  Rabbit 53 H, sacrificed at 7 days. Focal necrosis of myocardium of right 
ventricle. H. and E.  X500. 
FIG.  ll.  Rabbit  15 H,  sacrificed at 2  days.  Extensive  proliferation of reticulum 
cells in periphery of splenic follicle. Some of these cells have an epithelial appearance. 
H. and E.  X200. 
FIG.  12.  Rabbit  15 H,  sacrificed at 2  days.  Reticulum  cells, lymphoblasts, and 
large lymphocytes, early plasma cells and  cells in  mitosis at  periphery of  splenic 
follicle. H. and E.  X750. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  101  PLATE  9 
(Germuth eta/.: Induced hypersensitivity of serum sickness type. II) 